Optical connectivity has the potential to outperform copper-based TSVs in terms of bandwidth at the cost of more complexity due to the required electro-optical and opto-electrical conversion. The continuously increasing demand for higher bandwidth pushes the breakeven point for a profitable operation to shorter distances. To integrate an optical communication network in a 3D-chip-stack optical through-silicon vertical VIAs (TSV) are required. While the necessary effort for the electrical/optical and vice versa conversion makes it hard to envision an on-chip optical interconnect, a chip-to-chip optical link appears practicable. In general, the interposer offers the potential advantage to realize electro-optical transceivers on affordable expense by specific, but not necessarily CMOS technology. We investigated the realization and characterization of optical interconnects as a polymer based waveguide in high aspect ratio (HAR) TSVs proved on waferlevel.
INTRODUCTION
The continuously increasing demand for higher bandwidth and evolution towards to 5G makes the application of an optical chip-to-chip interconnect system conceivable. Based on the assumption of a 3D-chip-package an essential ingredient of such a system is the availability of a vertical interconnects. Through-silicon vias (TSVs) are the key technology for chip-stack intraconnects [1] . Copper-based solutions for electrical connections are the traditional approach [2] . Ultra-thin TSVs have been presented as well [3] . Usually, for electrical communication copper-filled through-silicon-vias (TSV) are used. A high bandwidth is the major performance indicator of the communication in a 3D-chip-stack.
Optical connections have the potential to outperform copper-based connections in terms of bandwidth at the cost of more complexity due to the required electro-optical and opto-electrical conversion. Once converted, the transmission distances in the optical domain are far less critical than in the electrical domain. The advantage of optical interconnects as optical waveguides or fibers is well established for long distance communication. The continuously increasing demand for higher bandwidth pushes the breakeven point for a profitable operation to shorter distances. Hence, first optical systems for chip-to-chip and chip-stack-to-chip-stack communication have been proposed [4] . Multiprocessor configurations are the driver for optical networks that connect chips [5] , [6] , [7] . While the required effort for the electrical/optical and vice versa conversions makes it hard to envision an on-chip optical interconnect, a chip-to-chip optical link appears practicable. Until this will have been realized, one has to consider a 3D-chip package based on silicon interposers. In general, the i specific, but vertical optic in TSVs prov
To guide the the surroundi using a lowe dioxide (n = thermal oxida negative resis In [9] 
TSV etch
The TSVs we process with etching. Thus
The integratio wafers enable temporarily b schemes. The wafer backsi physical vap (AZ4562) of holes to achie of the holes. the holes at b
After photore fully removed 55 °C). The roughness be enhanced step ratios from 5: 
Exposur
In the followi polymer. 
